A 4.4-megadalton penicillinase plasmid, pWD2, from Neisseria gonorrhoeae was transformed into Escherichia coli. pWD2 was efficiently mobilized by IncP plasmids in E. coli but not by Flac, could be isolated as a DNA-protein relaxation complex with properties similar to the well characterized CoIEl complex. The host range of pWD2 was shown to include gonococci, Enterobacteriaceae, and Hemophilus influenzae, but not Acinetobacter calcoaceticus or Pseudomonas aeruginosa. These findings suggest that Pgroup plasmids could have played a role in the dissemination of the TEMlactamase to pathogenic gram-negative bacteria.
Penicillinase-producing gonococcal strains from the Far East contain a 4.4-megadalton plasmid that encodes a TEM-type 1-lactamase. This plasmid contains about 40% of the ampicillin transposon, TnA, commonly found on plasmids from enteric gram-negative bacteria (13) . The 4.4-megadalton gonococcal plasmid also shares about 90% DNA homology with a 4.1-megadalton penicillinase plasmid from Hemophilus (11, 13) . The gonococcal penicillinase plasmid is not self-transmissible, but may be mobilized by a 24-megadalton conjugative plasmid present in some strains of gonococci, and transfer of penicillin resistance to other gonococci and to Escherichia coli can be demonstrated with these strains (4, 14) . The 4.4-megadalton penicillinase plasmid can be maintained in E. coli, but the large 24-megadalton conjugative plasmid has not been found in E. coli transconjugants (4, 14) . Thus the small 4.4-megadalton penicillinase plasmid has an extended host range in that it can replicate in both gonococci and E. coli. Recently, Sox et al. have obtained deletion mutants of the 4.4-megadalton plasmid which can no longer be mobilized by the conjugative plasmid (15) . These studies show that like the E. coli plasmid ColEl, the 4.4-megadalton plasmid has one or more regions essential for its own mobilization. We have studied the host range and transfer functions of the 4.4-megadalton gonococcal plasmid pWD2 in E. coli. pWD2 is efficiently mobilized by the broad-host-range IncP plasmid RK2 and can be transferred to E. calcoaceticus were done overnight. The cells were washed off the ifiters and plated on selective media.
Preparatn of pWD2 relation complex DNA. pWD2 was transformed into E. coli AB2497. The [3H]thymine-labeled pWD2 relaxation complex was prepared as described previously for ColEl (7) . The cells were grown in M9-glycerol medium and labeled with [3H]thymine. The Triton X-100 cleared lysates were centrifuged through 15 to 50% sucrose gradients, and the plasmid DNA peak was collected. This peak is referred to as the purified relaxation complex.
[14C]thymine-labeled supercoiled ColEl marker DNA was also prepared as previously described (7). Relaxation of the pWD2 complex was assayed by sedimentation through 5 to 20% neutral sucrose gradients in a Spinco SW 50.1 rotor as described before (8) . RESULTS N. gonorrhoeae strain WD contains three plasmids: the 24-megadalton conjugative plasmid, the 2.4-megadalton cryptic plasmid, and the 4.4-megadalton penicillinase plasmid, designated pWD2. E. coli HB101 was transformed with the total plasmid DNA from N. gonorrhoeae strain WD, and penicillin (200 ,ug/ml)-resistant colonies were obtained. Plasmid analysis of several of these penicillin-resistant HB101 colonies showed that each contained pWD2, but neither of the other two gonococcal plasmids. Similar transformation results have been reported by others (13, 14) .
Mobilization of pWD2 by conijugative plasmids in E. coi. Several conjugative plasmids were introduced into HB101 (pWD2) by mating. The conjugative plasmids used were Flac (IncFI), RlOOdrd-1 (IncFIl), R64drd-11 (IncIa), and the P-group plasmids pRK231, pRK2013, and R751 (Table 1) . pRK231 is an ampicillin-sensitive, transfer-proficient derivative of RK2 generated by a PstI deletion (8) . pRK2013 contains the entire transfer region of RK2 cloned onto ColEl (5). These conjugative plasmids were then used to mobilize pWD2 in matings with an HB101 nal recipient. The results of these matings are shown in Table 2 . The transfer frequencies of all the conjugative plasmids were high, reflecting that all of these are derepressed for transfer functions. However, pWD2 was efficiently mobilized only by the P-group plasmids. IncP plasmids are remarkable for their exceedingly broad host range among gram-negative bacteria.
Mobilization of pWD2 by the P-group plasmids did not appear to involve recombination or other covalent linkage between pWD2 and the conjugative plasmid. The conjugation experiments were done in HB101 which is recA. Several penicillin-resistant transconjugants from the cross between HB101 (pRk2O13 plus pWD2) and HB101 nal (Table 2) were analyzed for plasmid DNA by agarose gel electrophoresis, and all of them contained pWD2 in an unaltered form (Fig. 1) . The mobilization by P-group plasmids thus appears to be similar to ColEl mobilization by conjugative plasmids in that recombination or cointegrate formation is not required. ColEl differs in that it can be mobilized by a wide variety of plasmids including Flac, R64drd-11, and RK2.
Host range of pWD2. The observation that pWD2 could be mobilized by P-group plasmids allowed us to test the host range of pWD2. RK2 and other IncP plasmids can transfer to most gram-negative bacteria, including the Enterobacteriaceae, P. aeniginosa, and A. calcoaceticus. We used the RK2 transfer system to introduce pWD2 into a variety of gram-negative bacteria. The results of these matings are shown in Table 3 . The donor was E. coli C600 recA (Fig. 2) . The salient feature of plasmid DNA relaxation complexes is that the DNA is converted from the supercoiled to the open circular form upon treatment with protein denaturing agents. Figure  2A shows that the untreated pWD2 DNA sediments as a broad supercoiled band. After treatment with sodium dodecyl sulfate 52% of the pWD2 DNA appears as the open circular form (Fig. 2B) . Treatment of the pWD2 DNA with pronase results in 25% of the DNA in the open circular form (Fig. 2C) . There is no conversion of the uncomplexed supercoiled ColEl DNA to open circles with any of the treatments. These results show that pWD2 can be isolated as a DNA-protein relaxation complex with properties similar to other plasmid relaxation complexes. DISCUSSION
The 4.4-megadalton gonococcal penicillinase plasmid is closely related to a small penicillinase plasmid found in Hemophilus, and both plasmids contain about 40%o of the TnA transposon found in enteric bacteria and Pseudomonas (11, 13) . These findings imply that exchange of plasmids has occurred between Neisseria and Hemophilus or that both organisms received the penicillinase gene from an enteric bacillus. The mechanism by which this genetic exchange could occur is unknown. The 4.4-megadalton penicillinase plasmid can be mobilized by a larger conjugative plasmid in gonococci, but the self-transmissible plasmid has a narrow host range and is never found in E. coli transconjugants. We have found that the 4.4-megadalton gonococcal penicillinase plasmid is efficiently mobilized by the broad-host-range IncP plasmids in E. coli and can be transferred to other enteric bacteria and to H. influenzae. These results suggest a mechanism by which the small penicillinase plasmids may have been dissemi- R64drd-11 (1, 12) . Small plasmids like ColEl code for specific mobilization proteins which are thought to participate in the formation of a relaxation complex. The complex probably interacts with the transfer system of the conjugative plasmid during the mating process. pWD2 also forms a similar relaxation complex which appears to specifically interact with the IncP transfer system. In a further analogy with ColEl, it is likely that pWD2 actively participates in its own mobilization, since Sox et al. have isolated deletions of a similar 4.4-megadalton penicillinase plasmid that are no longer mobilized by the 24-megadalton conjugative plasmid in gonococci (15) . These deletions may affect the relaxation complex of the penicillinase plasmid.
The finding that pWD2 was mobilized by Pgroup plasmids allowed us to test the host range of pWD2. P-group plasmids can transfer to almost any gram-negative bacterium. The RK2 derivative pRK2013 can mobilize a small RK2 derivative from E. coli into other Enterobacteriaceae, Pseudomonas and Acinetobacter (3). pRK2013 was able to mobilize pWD2 from E. coli to S. minnesota and H. influenzae, but not to P. aeruginosa or A. calcoaceticus. The inability to transfer pWD2 to P. aeruginosa or A. calcoaceticus is probably due to lack of plasmid replication, since it is known that the TEM Plactamase gene is expressed in these bacteria. Thus pWD2 has an extended host range which includes gonococci, Enterobacteriaceae, and H.
influenzae, but does not have the very broad host range characteristic of IncP plasmids. Our finding that P-group plasmids can mediate transfer from E. coli to H. influenzae suggests a possible mechanism for the appearance of the TEM 1-lactamase in H. influenzae in the early 1970s. 
